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This paper considers the extent to which phosphorus (P) supply for plant use is controlled by the chemical quality of forest 
floor organic matter, independent of climate. Using plant bioassays, forest floor materials from representative examples of cach 
of the major forest types in interior Alaska were examined for nutrient supplying power. The work supports conclusions reached 
in earlier studies which indicated that black spruce forest floors were highly nutrient limited compared with those of other 
interior Alaska forest types. In addition, floodplain white spruce forests may experience marked P deficiency because of 
dilution of the element by periodic siltation. Potential phosphorus supply for seedling growth was best described by P 
concentration of the rooting medium. The supply also was related to the concentrations of lignin and tannin which control forest 
floor decomposition and recycling of P within the microbial population. 
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Ce travail discute du contrôle qu’exerce la composition chimique de la couverture morte, indépendamment des conditions 
climatiques, sur la disponibilité du phosphore (P) pour les plantes. On a, à cette fin, mesuré le taux de disponibilité de P 
d'échantillons de couverture morte provenant de chacun des types forestiers majeurs de l’intérieur de I Alaska, en utilisant des 
plantes pour essais biologiques. Le travail appuie les conclusions d’études antérieures montrant que les couvertures mortes sous 
épinette noire sont pauvres en éléments, comparativement aux couvertures mortes d'autres types forestiers de l’intéricur de 
l Alaska. De plus, les forêts d’épinette blanche sur plaine d’épangage peuvent montrer de fortes carences en P, en raison de 
la dilution de cet élément par des dépôts périodiques d’alluvion. C'est la concentration en P de la zone d'enracinement qui 
caractérise le micux la disponibilité potentielle de P pour la croissance des semis. La disponibilité de P est également reliće 
aux concentrations en lignine et en tannins qui exercent un contrôle sur la décomposition de la couverture morte et le recyclage 


de P dans la population microbienne. 


Introduction 


The importance of forest floor chemistry in controlling or- 
ganic matter decomposition and nutrient availability for plant 
use has been studied by a number of investigators (Minderman 
1968; Fogel and Cromack 1977; Berg and Staaf 1980; Vitousek 
et al. 1982; Aber and Melillo 1982; Melillo et al. 1982; 
Flanagan and Van Cleve 1983). The importance of this eco- 
system compartment for nutrient supply in taiga soils lies in the 
fact that taiga tree species generally are shallow rooted because 
of cold and often saturated mineral soils. Therefore, the forest 
floor assumes added importance as a reservoir of nutrients for 
plant use. While temperature and moisture are the most obvious 
controls of biological activity responsible for forest floor de- 
composition and element recycling, organic matter chemistry 
(or quality) may be of equal importance in mediating element 
availability. 

Among interior Alaskan forest types the importance of forest 
floor chemistry to nutrient cycling and tree growth is clear (Yan 
Cleve et al. 1983). Marked differences exist in the nitrogen 
(N), phosphorus (P), exchangeable base, and lignin concen- 
trations of the total forest floor or particular forest floor hori- 
zons among the principal vegetation types. Generally, the trend 
is one of decreasing nutrient element but increasing lignin 
content among birch (Betula papyrifera), aspen (Populus 
tremuloides), white spruce (Picea glauca), and black spruce 
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(Picea mariana) (Flanagan and Van Cleve 1983). Black spruce 
forest floors also tend to have the widest carbon/nitrogen 
(C/N) and carbon/phosphorus (C/P) ratios, and would, there- 
fore, be expected to have markedly reduced rates of N and P 
supply for tree use compared with the other forest types. More- 
over, there is a potential negative feedback effect because with 
reduced element supply, the subsequent litter input has a re- 
duced nutrient content and higher content of decay resistant 
components such as lignin, and therefore a lower nutrient sup- 
plying power. This can be considered a mechanism for nutrient 
mediated succession. Previous work has shown that these 
chemical characteristics are associated with a markedly re- 
duced forest floor decomposition rate and net tree productivity 
in black spruce (Van Cleve et al. 1983). However, the supply 
of individual elements, especially N and P, in relation to forest 
floor chemistry, has received less attention. 

The objective of the present study was to define the extent to 
which the P supply for plant use is controlled by the quality of 
forest floor organic matter, independent of climate. Forest floor 
materials from representative examples of each of the major 
forest types in interior Alaska were examined for nutrient 


supplying power. 
Methods 


Bioassays were employed to evaluate the P supplying power of 
various forest floors. Collections of forest floor samples were made 
near Fairbanks, in three replicate mature stands each of quaking aspen, 
paper birch, white spruce in upland and floodplain locations of the 
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Tanana River, black spruce, and balsam poplar (Populus bal- 
samifera). Composite forest floor samples (01, 021, 022 layers) were 
randomly collected from 20 points in each type using a 15 cm diameter 
corer. Cores from the respective replicate stands were separately 
pooled to obtain enough organic matter for the bioassay. Where moss 
was encountered, as in the white and black spruce forests, the green 
layer was discarded from the cores. Because of time delays prior to 
beginning the experiments, and to avoid continued organic matter 
decomposition during storage, all sample material was allowed to air 
dry at room temperature in the laboratory. Subsequently, all roots 
larger than | mm were removed from the material, and the respective 
forcst floors were ground in a Wiley mill to pass a 2-mm sieve. In the 
case of each forest floor the ground organic matter was mixed with 
quartz sand in proportions of 1.5 g of organie matter to 25.0 g of sand. 
Each mixture (1900 g) was weighed into 15 em diameter plastic pots 
underlain by saucers. Four pots were established for cach of the forest 
floor mixtures. Pots were moistened with deionized water. 

Three paper birch seedlings from a local interior Alaskan seed 
source were transplanted to each pot at the second leaf stage. Paper 
birch was sclected as the bioassay plant because this species occurs in 
association with all the other forest types. In addition, under condi- 
tions of the present study, rapid birch seedling growth insured pro- 
duction of sufficient plant material for the bioassay in about 3 months. 
During a 2-weck establishment period the seedlings were watered with 
deionized water and subsequently with 75 mL complete, full strength 
Hoagland’s solution minus P. Although the optimum level of supply 
for required elements has not been determined for Alaska paper birch, 
the assumption was made that the remaining elements were present at 
nonlimiting levels. The watering regime consisted of daily additions 
of approximately the same volume of deionized water and weekly 
additions of the nutrient solution to each pot. Any leachates were 
returned to the pot surface. The experiment was maintained in a 
growth room at 25°C. Photoperiod was 21 h, typical of early to 
midsummer growing conditions at 64° N latitude. Light intensity was 
approximately 200 ~E-m~*+s”'. Plant growth was maintained for 3 
months. By this time, sufficient growth had occurred for estimates of 
production and nutrient uptake to be made on the most P deficient 
substrates, but plants growing on more fertile substrates had not yet 
become root bound. Harvesting was conducted by carefully removing 
plants and potting mixtures from pots on a plastic sheet, and gently 
shaking root systems free of the mixture. The secdling root systems 
were washed in tap water, which was free of P, to remove any 
remaining potting mixture and wrapped in moist paper towels for 
subsequent estimate of the °P uptake rate. The mixtures were care- 
fully returned to cach pot in preparation for a second cycle of plant 
growth. Two cycles of scedling growth were employed to insure an 
extended time period for the mincralization of organic materials and 
the evaluation of P supply. Therefore, indices of P supply represent 
total seedling yicld and net P uptake for two 3-month cycles. Only 
results of the P uptake rates for the second growth eyele are 
presented. The same experimental procedures and conditions were 
maintained throughout the entire experiment. 

Space limitations in the growth room facility dictated a reduction in 
size of the experiment 2 weeks following establishment. Six pots were 
randomly removed from the experiment (see Table 2 for sample size). 
Subsequently, analysis of variance was conducted on the respective 
estimates of P supply using a missing value procedure and ¢-test for 
comparison of means (Steele and Torrie 1960). 

The P uptake rate was estimated using the method described by 
Harrison and Helliwell (1979). These investigators found higher “P 
uptake rates by roots of plants growing on P deficient soils than by 
roots of plants growing on soils with adequate P supply (Harrison and 
Helliwell 1979; Dighton and Harrison 1983). This procedure involves 
estimation of “P uptake from dilute solutions (5.0 pmol ’P in 0.5 
mmol CaSO.) by root systems of intact seedlings or excised fine root 
tissue from mature trees. In the present study, intact seedlings were 
used to estimate YP uptake. Following immersion in the “P solution 
for 15 min, fine root subsamples were randomly removed from the 
seedlings for counting using a liquid scintillation spectrometer 


(Harrison and Helliwell 1979). 

Secdlings from each pot within a treatment were pooled to provide 
sufficient tissue for the estimate of the net uptake of P. This was 
necessary especially in the case of the small size of seedlings devel- 
oping in P deficient substrates. The root material was separated from 
seedling tops, and leaves separated from stems and twigs. The dry 
weights of leaves, stems and twigs, and roots (including the sub- 
samples used for counting **P) were determined following drying to 
a constant weight at 65°C in a forced draft 6ven. For estimates of net 
seedling P uptake, the respective plant’ parts from each pot were 
separatcly ground in a Wiley mill to pass a 60-mesh sieve. 

The phosphorus supplying power of the respective substrates was 
estimated from three indices: (/) the total yield of seedlings per pot 
produced by each of the forest floors; (ii) the total net uptake per pot 
of phosphorus by the seedlings; and (dii) the YP uptake rate by root 


- tissue samples obtained from seedlings in cach pot. In the case of total 


phosphorus uptake, and P concentration in the respective forest floors 
at time zero, P concentration was determined using methods described 
by Van Cleve and Viereck (1972). Phosphorus concentrations for the 
various plant parts were multiplied by the mass of the respective plant 
parts to obtain an estimate of P uptake on a pot basis. Carbon content 
was estimated using the Leco induction furnace (Tabatabai and 
Bremner 1970). The lignin, tannin, hoelocellulose, soluble carbo- 
hydrate, and fat contents of the forest floor samples were determined 
using methods described by Allen (1974). The ratios of the con- 
centrations of these organic constituents to the concentrations of 
P were also used as estimates of organic matter quality. The ratio of 
lignin to P represents the concentration of an energy supply which is 
less readily available for microbial activity in comparison to the con- 
centration of the required inorganic nutrient. Wider ratios indicate a 
greater potential for immobilization of P by the microbial population 
and a more restricted P supply for plant use (Swift et al. 1979). The 
same reasoning can be applied to the ratios of other organic con- 
stituents to P. The C/P ratio represents carbon in general in relation 
to substrate P content. 


Results 
Forest floor chemistry 

Inorganic chemical analysis indicates that birch and aspen 
have the highest total P concentrations of any of the forest 
floors (0.14 and 0.15%, respectively; Table 1). Black spruce 
(0.07%) and floodplain white spruce (FWS, 0.06%) have the 
lowest, while poplar and upland white spruce (UWS, 0.10%) 
display intermediate concentrations of P. 

Forest floor lignin content was significantly less, at 27%, in 
FWS than in the other vegetation types. No significant differ- 
ence in lignin concentration was found among the other forest 
types for a range of 37 (poplar) to 44% (black spruce). Tannin 
content ranged from 0.7 to 1.8%, with FWS low and aspen and 
black spruce displaying somewhat higher concentrations of this 
constituent. Lowest fat content (1.4%) was found in FWS, 
while concentrations in the remaining forest floors ranged from 
2.7 to 3.6% and were not significantly different. This tendency 
was repeated for organic matter, holocellulose, and soluble 
carbohydrates. FWS forest floors contained 48.0, 14.7, and 
2.3%, respectively, of these constituents. In the remaining 
forest types, organic matter ranged from 77 to 91%, holo- 
cellulose ranged from 25 to 37%, and soluble carbohydrates 
ranged from 2.3 to 5.3% (Table 1). Black spruce showed 
values for these organic constituents equal to, if not higher 
than, those encountered in the other forest types (Table 1). 
These calculations clearly show the effect of organic matter 
dilution in FWS by periodic siltation of the forest floor. 

In the case of ratios of C and other organic constituents to P, 
black spruce again showed significantly larger values for C 
(607), lignin (664), tannin (31), and carbohydrate (79) 
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TABLE |. Mean (+ standard error) for 


% organic % soluble Š 

Forest type %P PC matter C/P % lignin carbohydrates -- % holocellulose 
Balsam poplar 0.08+0.00ab 34.042.8be 77.343.2b 4144456 37+1b 2.520.1b 26.74 1.8he 
Floodplain 

white spruce 0,0620.00a 20.64 1.98a 48.0+5.6a 330+42ab 27243a 2.3+0.2a 14.7+1.8a 
Upland white é 

spruce 0.1040.00b 33,141.66 77.442.4b 331420ab 3843b 3.740.46 25.0%2.1ab 
Paper birch 0.1440.01¢ 36.342.lbe 83.0t0.4be 264416ab 41416 3.340.2ab 26.74 1.7 be 
Quaking aspen 0.15+0.0Ic 35.7+0.6bc¢ 81.241.9b  246+24a 4i+lb 2.9+0.4ab 25,741.26 
Black spruce 0.0740.01a 39.340.3¢ 91.340.9¢ 607496¢ 44+4b 5.3£0.8¢ 37.0+£7.5¢ 


*n = 3 for three replicate stands within each forest type: for each chemical property values associated with same leter not significantly different at a = 0.05, using 


a t-test. Values include ash elements. 


(Table 1). Ratios for holocellulose and fat to P in black spruce 
were equal to or higher than those encountered in the other 
forest types (Table 1). 

On the other hand, birch and aspen displayed a tendency for 
ratios of these components to P to be lower but not always 
significantly less than encountered in other types. The FWS 
ratios did not show the effect of organic matter dilution. This 
indicates that P, whose primary reservoir is the organic matter, 
was diluted by siltation along with the organic matter. 


Plant yield and P uptake 

The FWS forest floors showed lowest plant yield (2.3 
g*pot”'), lowest net plant P uptake (2.3 mg: pot™'), and high- 
est rate of uptake of “P (949 pg-mg™'-root™') (Table 2). The 
seedling tissue P concentrations did not show significant differ- 
ences although both the FWS and black spruce showed lowest 
P concentrations (0.103%) in root tissue. Birch, aspen, and 
UWS forest floors supported the highest plant yield (26, 23, 
and 19 g-pot™!, respectively, Table 2). Seedlings raised on 
birch and aspen forest floors displayed the greatest net plant P 
uptake in leaf and root tissue and for total plant. Values ranged 
from 27 to 33 mg total P uptake per pot for aspen and birch, 
respectively (Table 2). This compares with only 2.3 mg of P 
uptake per pot for FWS organic matter. Yield and P uptake 
on the black spruce forest floors (13 and 11 mg: pot7!, re- 
spectively) was higher than that encountered for FWS and did 
not differ significantly from balsam poplar (9 and 14 mg: pot™', 
respectively). 

The trend was for the highest uptake rate of *P by root tissue 
of seedlings growing in FWS material (949 pg/mg root). How- 
ever, this average was not significantly different from that 
encountered for seedlings grown in UWS organic matter (721 
pg/mg root, Table 2). Poplar, black spruce, and UWS forest 
floors displayed intermediate uptake rate values (676, 680, and 
721 pg/mg root, respectively). Seedlings grown in aspen and 
birch organic materials displayed lowest “P uptake rates, 401 
and 410 pg/mg root. 


Phosphorus supply and forest floor organic matter quality 
We originally hypothesized that black spruce forest floors 
would display the most restricted supply of P for bioassay 
seedling growth. Among the upland and lowland forest types, 
which are not on the active river floodplain, this indeed was the 
case. Thus, among birch, aspen, upland white spruce, and 
black spruce, forest floors from the black spruce display lowest 
P concentrations and the tendency for highest ratios of organic 
constituents to P (Table 1). In general, these conditions were 
related to lower seedling yield and net P uptake. The picture for 


concentration of individual organic constituents is less clear. 
For example, the lignin and tannin contents are the same in 
black spruce forest floors as encountered in the other upland 
forest types (Table 1). Previous analyses had indicated sub- 
stantial differences in lignin content among individual forest 
floor horizons (Flanagan and Van Cleve 1983), and that black 
spruce 022 layers have the highest lignin concentration. Fur- 
thermore, this index of forest floor organic matter quality was 
shown to be inversely related to forest floor decomposition and 
to net aboveground primary production among the principal 
forest types in the study area (Flanagan and Van Cleve 1983; 
Van Cleve et al. 1983). In the present study, all layers were 
combined for the bioassay, masking differences in chemistry 
among forest floor horizons. Under these experimental 
conditions, a clearer contrast of forest floor organic chemistry 
among vegetation types appears to be obtained with ratios 
of organic constituents to P rather than with the organic 
constituents themselves. 

The exceptional position of FWS forest floors in having 
lower concentrations of recalcitrant or potentially decay in- 
hibiting substances (lignin and tannin, respectively) would in- 
dicate potentially favorable conditions for decomposition. 
However, for this vegetation type, the condition reflects the 
previously mentioned dilution of substrate organic and inor- 
ganic constituents by silt which is periodically deposited during 
periods of high water on the floodplain. Consequently, the 
reduced P concentration resulted in the lowest supply of this 
element for plant growth as indicated by bioassay yield and net 
P uptake (Table 2). The dilution effect is further illustrated by 
the relatively low C/P ratio (330), which reflects the lower 
organic matter and carbon contents (48 and 21%, respectively) 
as well as low P content. 

Not surprisingly strongest correlation among the organic 
matter quality and P supply indices appears to be with substrate 
P concentration (Table 3). Correlation coefficients (r) ranged 
from 0.90 for P uptake to 0.84 for yield, to —0.79 for °P 
uptake rates. The negative slope in the latter case reflects de- 
creased uptake with improved substrate P concentration (Har- 
rison and Helliwell 1979; Dighton and Harrison 1983). In each 
case, the forest floors occupying the lower end of the concen- 
tration response relation are FWS and black spruce. Birch and 
aspen forest floors occupy the upper end, while poplar and 
UWS occupy intermediate positions on the response surfaces 
(Figs. 1—3). 

Only in the case of the ratios of lignin and fat to P was there 
significant correlation to seedling yield and net P uptake rate. 
However, all correlations were substantially lower than for P 


selected forest floor chemical properties* 
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% soluble 
% lignin/ carbohydrates/ % holocellulose/ % fat/  % tannin/ 
% crude fat % tannin GP HP %P oP %P 
3.2+0.3b 1.2+0.lab 4452176 29+ f abe 323+2lab 50+ 2¢ 14.5+0.26 
1.4+0.3a 0.7+0.la 433+66b 3745¢ 234+36a 36+1b 1L.241.7ab 
2.8+0.3b 1.1+0ab 378443 ab 36+2b¢ 249+ |7a 37+3b 11.0+0.5a 
3.640.5b 1.12£0ab 298+ 3a 24+3ab 193+]}1a 32+3ab  8.5£0.5a 
2.7£0.3b 1.8+0.6b 2854284 20+3a I77+2la 23434 8.3+1.0a 
3.5+0.56 1.740.456 664455c¢ 79+6d 610+227b 564e 30.8+1.8¢ 
30r 4 Black $ we 232 

4 Black Spruce 

â White Spruce (Upland) a * Black Spruce 

© White Spruce (Floodplain) f= 40} 4 White Spruce (Upland) o 
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L b ae 
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Fic. |. Total plant yield in relation to forest floor P concentration. 


alone (Table 3). Because, for a particular constituent, there 
were essentially no major differences in concentration among 
forest type, the ratios to percent P largely reflected the cor- 
relation between indices of P supply and the inverse of sub- 
strate P concentration. The latter variable was most highly 
correlated with P supply indices. The negative correlations 
reflect reduced P supply, and hence reduced yield and P uptake 
with widening ratios. The positive correlation with root “P 
uptake rates indicates greater isotope uptake by seedlings 
which experienced increased P deficiency as a result of 
widening lignin/P ratios and reduced P supply. These results 
follow the C/nutrient ratio concept of agricultural practice 
(Swift et al. 1979). 

The positive correlations between lignin concentration and 
seedling P uptake and seedling yield (Table 3) are contrary to 
earlier hypotheses. However, these correlations follow those 
for carbon and organic matter concentration, and may primarily 
reflect the presence of more P as the portion of organic matter 
increases in the forest floor. This condition was noted for 
UWS, birch, and aspen forest floors (Table 1). Moreover, fat 
and soluble carbohydrate contents significantly increased with 
organic matter content (7 = 0.65 and 0.76, respectively, a = 
0.05), and may have balanced the presence of lignin or tannin, 
favoring mineralization of organic matter and improved P 
supply. 

While the ratios of organic constituents to P appear to pro- 
vide some understanding of the control of the P supply for 
seedling growth, they were not significant variables in any of 
the stepwise regression analyses (Table 4). As noted for the 
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FiG. 2. Total net seedling P uptake in relation to forest floor P 
concentration. 
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Fic. 3. P uptake rates by roots of intact seedlings in relation to 
forest floor P concentration. Uptake time interval is 15 min. 


simple correlations, forest floor P concentration explained most 
of the variation in the seedling yield, net seedling P uptake, and 
rate of ?P uptake data. On a per gram basis, lignin and tannin 
played minor roles in the regression analysis of yield and rates 
of ?P uptake, respectively. The independent variables (percent 
P, percent lignin, percent tannin) explained 83, 80, and 74% of 
the variation in the three indices of the P supply from the 
various forest floors (Table 4). 

The relationships between total seedling yield, and net 
seedling uptake of phosphorus and the rates at which °P was 
taken up by the seedling root systems confirmed the obser- 
vations of Harrison and Helliwell (1979). Bioassay plants 


TABLE 2. Nutrient content of birch (Betula papyrifera) secdlings grown on various forest floor materials (X + standard error)* 


Forest floor 


®P uptaket 


type n  (pg/mg root) 

Balsam poplar 10 676+73b 
Floodplain 

white spruce 10 949*+72¢ 
Upland white 

spruce II 721497 be 
Paper birch 12 410+62a 
Quaking aspen 11 401+8la 
Black spruce 12 680+93b 


% P Net P uptake (mg/pot) Yield (g/pot) 

Leaf Stem Root Leaf Stem Roots Total Leaf Stem Root Total 
0.095+0.007a@ = 0.072+0.006a = 0.13140.007b  50£0.7b 4.5240.5¢e¢ 4.24046 13.741.4b¢ 4440.66 1.540.2b 3.040.4b 9.0+1.2b 
0.0914£0.006a  0.0774£0.005ab (0.103 £0.010a 1.0+0.la  0.2+0.0a Lit0.2@  2.3£0.3a  1.0£0.2a 0.340.la 1.0+0.2a 2.3+0.4a 
0.098+0.008a  0.062+0.004a  0.141+0.006b 6.940.6b 2.340.2b 8.940.5c I8.41£1.0¢ 6.540.6¢ 3.840.6c¢ 8.0£0.9d 19.3+1.0¢ 
0.123£0.005ab 0.0780.003ab 0.142%0.008b 14.0£0.5d 5.240.3d 14.341.2d 33.44£1.9d 8.840.9d 6.120.9d 10.041.2¢ 26.2+3.0d 
0.14540.0216 =0.096£0.012b = 0.185£0.013¢ 10.941.7¢  3.7+0.6c 12.841.3d 27.443.5d 7.7£0.5ed 4.340.7¢ 8.641.4de 22.3+2,5cd 
0.104+0.003a  0.07740.004ab 0.103+0.004a 4.640.9b 1640.36 5.02106 11.242.2b 4441.56 4.421.5b 5.2%2.0c 12.744.7b 


*Within a category of plant material values associated with same letter are not significantly different at a = 0.05, using a t-test. 
TPicograms of P per milligrams of root per 15 minutes. 


TABLE 3. Correlation coefficients (r) between three indices of P supply to birch seedlings and selected chemical properties of the forest floor” 


% organic % 


% Ho 


% 


%o 


Variable nt pP GC C/P matter lignin fat tannin holocellulose carbohydrate Lignin/P Fat/P Carbohydrate/P Tannin/P Holocellulose/P 
Total seedling 

yield 18 0.84 0.51 —0.49 0.56 0.66 0.47 NS NS NS —0.52 —0.60 NS NS —0.45 
Total net 

P uptake 18 0.90 0.47 —0.52 0.50 0.51 0.50 NS NS NS —0.60 —0.64 —0.45 NS NS 
Root P 

uptake 18 -0.79 -0.47 NS —0.53 —0.60 —0.57 NS NS NS 0.45 NS NS NS NS 


#Correlation coefficients significant at a = 0.05; NS, nol significant. 
Six litter types X three sites for each, 
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Fic, 4. “P uptake rates by roots of intact seedlings in relation to 
total seedling yield. Uptake time interval is 15 min. 


growing in media which displayed the greatest deficiency in the 
P supply, as indicated by smallest yield and net uptake of P by 
seedlings, showed largest **P uptake rates by the roots (Figs. 4 
and 5). The relation of P uptake rate was strongest to total 
seedling yield per pot (r° = 0.63), while the relationship to 
total net seedling P uptake per pot was weaker (r? = 0.44) but 
still significant at the 5% level of probability. 

The forest floors evaluated for P supply in this study were 
obtained from representative examples of mature forest site 
types. Therefore, the control that organic matter chemistry 
exerts on the supply of P from these forest floors for plant 
growth should reflect the result of long-term changes mediated 
by decomposition and other nutrient cycling processes. In gen- 
eral, the rate of decomposition of phenolic constituents of or- 
ganic matter appears to be most important to nutrient supply 
over extended time periods (Berg et al. 1982; Staaf and Berg 
1982; Berg and Staaf 1980). In the present study, forest floor 
lignin and tannin concentrations were important variables in 
yield and ¥P uptake regression models, emphasizing the sig- 
nificance of these constituents as long-term controls of P supply 
from steady state forest floors. 

The forest floor bioassays provided additional insight with 
regard to P supply for plant use. All substrates were able to 
supply some P to support plant growth regardless of chemistry. 
For example, the C/P ratio for black spruce organic matter 
appeared unusually high at 607 (Alexander 1977) and P con- 
centrations in FWS and black spruce forest floors tended to be 
lowest of among the types examined (Table 1). The plant 
bioassay provided a link between the chemical test and organic 
matter incubation, clarifying the picture with regard to defi- 
cient compared with adequate forest floor P supply for plant 
growth. An improved version of this experimental approach to 
evaluation of element supply should include estimation of the 
course of microbial population growth and the portion of P 
reserves recycled through the microbial population. 

This study supports conclusions reached in earlier field work 
which indicated that black spruce forest floors were highly 
nutrient limited compared with those of other interior Alaskan 
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Fic. 5. ¥P uptake rates by roots of intact seedlings in relation to 
total net seedling P uptake. Uptake time interval is 15 min. 


TABLE 4. Summary of stepwise regression analysis of birch seedling 
yield, net P and *’P uptake in relation to forest floor organie matter 
quality. (r° indicated for independent variables) 


Dependent 
variable n %P  % lignin % tannin » Fe 
Seedling yield 18 0.70 0.13 0.83 36.2 
Net seedling 
P uptake 18 0.80 — 0.80 65.2 
Root “P 
uptake 18 0.62 0.12 0.74 21.3 


*Values of F all significant at a = 0.01. 


types (Van Cleve et al. 1983; Flanagan and Van Cleve 1983). 
In addition, the bioassays pointed out that FWS may experience 
marked P deficiency because of the previously mentioned dilu- 
tion of P. Balsam poplar forest floors showed reduced P supply 
compared with birch and aspen forest floors. Possibly, other 
mechanisms are responsible for maintenance of P supply in 
these systems. Capillary rise of soil solution from a high water 
table into the rooting zone and movement of solution through 
the soil profile, along the river gradient, may maintain a low 
concentration but constant supply of nutrients to the rooting 
zone. 

Even though the present study was conducted under con- 
trolled conditions, the importance of forest floor chemistry in 
supply of phosphorus for plant growth has been demonstrated 
using plant bioassays. The results confirm earlier field work 
which demonstrated the control which forest floor organic 
matter quality exerts on decomposition, nutrient cycling, and 
tree productivity (Flanagan and Van Cleve 1983; Vitousek 
et al. 1982). While the main emphasis of this work was to 
evaluate P supply among forest types (Figs. 1—5), the results 
indicate that the quality effect within forest types is variable. 
The ranges of quality, in relation to P supply, overlap among 
forest types. Moreover, within type variation in the bioassay 
illustrates the potential range in site quality with regard to P 
supply, although more intensive analysis is needed to clarify 
this relationship. 

The present study shows that P supply from the forest floor 
for seedling growth may best be described by a single variable, 
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P concentration of the rooting medium. However, the supply is 
also related to the concentrations of organic constituents, such 
as lignin and tannin, which control forest floor decomposition 
and recycling of P within the microbial population. 
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